2-octanol. The purpose of the present investigation was to learn something of the nature of the delipidization promoted by 2-octanol, and to study the effect of this procedure on certain physical characteristics of the proteins of the delipidized serum.
MATERIALS AND METHODS
With aliquots set aside for controls and chemical analysis, 18 fresh serum samples from clinically normal adults were treated with 2-octanol according to the method previously described.' Twelve control and 12 extracted sera were analyzed electrophoretically in parallel on cellulose acetate strips using the Beckman microsome cell according to the methods suppplied by the manufacturer.6 Proteins were stained xwith Ponceau S, lipids with 1 per cent osmic acid, and mucoproteins with periodic acid Schiff reagent. Total proteins were determined using the biuret reaction.7 A mixture of equal parts of control and test sera were also run to investigate changes in mobility. Six extracted sera and controls were studied by an immunodiffusion technique8 using the commercially available rabbit antisera prepared against human9: beta-lipoprotein, albumin, fibrinogen, fraction III-1, fraction II, S-7 globulins, fraction IV-5, 6 , and alpha 2 macroglobulins. The control and extracted sera were individually tested against the various antisera first on separate plates and then simultaneously on the same plate. In each case two different lots of antisera were used.
RESULTS
Two changes in the electrophoretic pattern of serum proteins were observed following extraction with 2-octanol. First, the dye uptake in the alpha, area was consistently diminished with the loss from the leading portion of that peak. There was no smudging or change in character in the alpha, region. Second, the beta globulin peak, which was sharply outlined in the control became smudged with trailing edges after the extraction. However, no quantitative changes were observed. Within the limits of technique no changes in quantity or mobility of the albumin, alpha2 or gamma fractions were noted. (See Table 1 and Fig. 1 .) Analysis by the "t" test indicates that only the alpha globulin was significantly altered by the extraction; the p values were albumin 0.38; alpha1 globulin, 0.0001; alpha2 globulin, 0.19; beta globulin, 0.33; gamma globulin, 0.20.
When the electrophoretic strips were stained for lipids, the control sera revealed deposits as a prominent band in the beta region almost at the point of application, a broad band spreading from the point of application, and a lighter band corresponding to the alpha, peak. On strips containing the test sera no lipids were noted in the alpha1 region and only a faint dye uptake was noted in the beta region. No attempt was made to quantitate these observations.
Mucoproteins
No variations in the mucoprotein stain pattern between the control and extracted sera were visually identified.
Immunodiffusion
Whether run simultaneously or independently, no differences were noted between the test and control antigen and antibody precipitates with antihuman albumin, fibrinogen, fraction II, fraction III-1, fraction IV 5-6, S-7 Figure 2 
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C lipoprotein produced a broad, heavy, antigen-antibody precipitate in the controls. With the extracted sera three samples were free of any precipitate and three had only a faint, fine precipitate in the same relative position as the control. When the control and extracted samples were tested simultaneously against the anti-beta lipoprotein the controls were characterized by a broad, heavy, symmetrical precipitate, but with three extracted sera no precipitate was observed and in three cases a fine, faint symmetrical precipitate was noted in the same position as that of the control sample. There were no differences observed between different lots of the same antisera.
DISCUSSION
Two aspects of this study warrant additional comment. The first concerns the nature of the lipid extraction and the second the effect of the extraction on other serum elements.
Electrophoresis shows all lipid staining to be lost in the region of the alpha1 globulins and in a broad band spreading from the point of sample application. There is a marked reduction in the beta lipoglobulin region. The alpha1 region normally represents about 20 per cent of the total serum lipids and contains 15-25 per cent of the total cholesterol and 60 per cent of the phospholipids.10 Complete loss of stainable lipids here indicates that octanol significantly altered this fraction. Similarly all staining is lost from the region where the electrically neutral chylomicrons are normally demonstrated. This region contains variable amounts of total lipids and is composed largely of fatty acids. The beta lipoglobulins, which contain about 50 per cent of the serum cholesterol and 40 per cent of the phospholipids, give up a substantial amount of their lipids in the extraction process. In spite of the well-known variability in lipid staining of electrophoretic patterns, the data suggest that 2-octanol removes substantial amounts of lipids from the beta lipoglobulins and has its greatest effect on the alpha, lipoglobulins and chylomicrons.
Secondly, how does octanol extraction affect other serum proteins? Electrophoretically, the albumin, alpha2, beta, and gamma globulins are not altered either quantitatively or in mobility, but the alpha, proteins are significantly decreased in the extraction process. This change in the alpha1 fraction may result from the denaturation of the entire protein component or it may represent a change in mobility following loss of the lipid portion of the molecule. The alpha1 lipoproteins are 85 per cent lipids and almost all of these are extracted.
Essentially similar observations have been made by others with various extraction techniques. Blixk used cold acetone and ether to extract the serum lipids and observed similar decreases in the alpha, fraction while other fractions remain unchanged. He believed that these could be explained on the basis of lipid extraction alone. His technique removed all cholesterol and 75 per cent of the phospholipids, mostly the lecithins.
More recently, Dangerfield'2 used cold ether (-23°C.) for extraction and found no change in the protein electrophoretic pattern and also that almost all stainable lipids were removed. Thus both of these studies, although initiated for other reasons, tend to support the observation made here that significant amounts of lipids can be removed from serum lipoproteins without altering the other protein fractions, at least without affecting those properties on which electrophoresis primarily depends: the size, shape, and electric charge of the molecule.
The immunodiffusion studies support the concept that the non-lipoprotein fractions are not altered by octanol. At least the antigenic structure of the albumin, fibrinogen, gamma globulins (fraction II), isoagglutinins (fraction III-1), immune antibodies (S-7 globulin), serum esterases, angiotensins, various alpha1 globulins and beta globulins (fraction IV- [5] [6] 
Mucoglycoproteins
The PAS stain is nonspecific and reacts with many substances including carbohydrates such as mannose, galactose and glucosamine. The application of this technique demonstrated no alteration in the electrophoretically separated serum elements.
SUMMARY
As determined electrophoretically, 2-octanol extraction provides a simple, effective means of removing all stainable lipids from the alpha1 and chylomicron components of serum and substantial amounts of lipid from the beta lipoglobulins. Following extraction there is a significant decrease in the electrophoretically determined alpha1 globulins, with widening of the beta globulin zone. The albumin, alpha2 and gamma globulin patterns are not altered. As determined by immuno-double diffusion techniques the antigenic structure of 7 non-lipid serum protein fractions was not changed in the extraction process. However, the antigenic structure of the beta lipoprotein fraction was significantly altered.
